We report on the first experimental realization of the entanglement witness for polarization entangled photons. It represents a recently discovered significant quantum information protocol which is based on few local measurements.
One of the main issues of modern technology is the manipulation of information, its transmission, processing, storing, and computing, with an increasingly high demand of speed, reliability and security. Quantum Physics has recently opened the way to the realization of radically new information-processing devices, with the possibility of guaranteed secure cryptographic communications, and of huge speedups of some computational tasks.
In this respect quantum entanglement represents the basis of the exponential parallelism of future quantum computers [1] , of quantum teleportation [2] [3] [4] [5] and of some kinds of cryptographic communications [6, 7] . In practical realizations, however, entanglement is degraded by decoherence and dissipation processes that result from unavoidable couplings with the environment. Since entanglement is an expensive resource-it cannot be distributed between distant parties by classical communication means-it becomes crucial to be able to detect it efficiently, with the minimum number of measurements. Several methods have been proposed to assess the presence of entanglement for different types of quantum systems [8] [9] [10] [11] [12] [13] . In particular, the socalled method of "entanglement witness" is a simple and efficient protocol that uses only a few local measurements [13] . In the present paper we report the first experimental implementation of an entanglement witness for polarizationentangled photons. The entangled photon state is generated by a new general method of spontaneous parametric downconversion (SPDC) and the entanglement is detected by only three independent quantum measurements.
Precisely, we implement experimentally the method of Ref. [10] for a pair of polarized photons that can be in any of the so-called Werner states [14] , a family of "mixed" quantum states that include both entangled and non entangled states. The key resource of our apparatus consists of a new, universal high-brilliance source of bi-partite entangled states spanning the Hilbert space H 1 ⊗ H 2 , where dim(H 1 ) = dim(H 1 ) = 2. These states can be generated as either "pure" or "mixed", with a complete control of the degree of mixedeness [15, 16] . In particular, here we generate the Werner states
2 which are mixtures with probability p ∈ [0, 1] of the maximally chaotic state 1 4 1l 4 (1l 4 is the four dimensional identity operator) and of the maximally entangled "singlet" state:
where |HV ≡ |H 1 ⊗ |V 2 denotes the state of the two photons, the symbols H and V representing horizontal and vertical linear polarizations, respectively. The method to establish whether a state is entangled or not is based on the concept of entanglement witness [17, 18] . In this case simple ways to construct entanglement witnesses are known [18] . The Werner states (2) which are tested in our experiment, are particularly appropriate for entanglement detection, because they include both entangled (p > 1/3) and separable (p ≤ 1/3) states.
The detection method proposed in [10] in the case of Werner states expressed by (1) gives the following entanglement witness operator
where |D = 
with phase (0 ≤ φ ≤ π) reliably controlled by micrometric displacements ∆d of M along Note that only half of the ring which is represented in Fig.1 inset needs to be intercepted by the optical plates, in virtue of the EPR nonlocality. In summary, the sector A contributes to ρ W with probability p with the pure state |Ψ − Ψ − |, the sector B+C = 2B with probability 1 − p with the mixture:
and the probability p can be easily varied over its full range of values, going from p = 0
In order to detect whether the produced Werner state is entangled or not, the expectation value of the witness operator ( [20] Horodecki, M., Horodecki, P., Horodecki, R., Phys. Lett. A 223, 1-8 (1996) . 
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